We have hypothesized that rat liver serine dehydratase (SDH) is induced in response to the amount of surplus amino acids from dietary protein. In the present study, we found that excess leucine intake strongly induced SDH activity in the liver but not in the kidney of rats. The increase in activity was accompanied by increases in the levels of SDH mRNA. On the other hand, isoleucine and valine had little effect on SDH induction. These results support our hypothesis and suggest that leucine is a signal for SDH induction.
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It is well known that serine dehydratase (SDH, EC 4.2.1.13) is one of the gluconeogenic enzymes and that its activity increases under conditions of high-protein feeding, starvation, and diabetes mellitus. 1) Glucagon and glucocorticooid stimulate SDH induction at the level of transcription, and their effects are counteracted by insulin. [2] [3] [4] On the other hand, we reported recently that ingestion of dietary protein over nutritional requirements induced SDH. 5, 6) It appears that surplus amino acids other than glucagon and glucocorticoid might be involved in SDH induction.
The branched chain amino acids (BCAAs) leucine, isoleucine, and valine are essential for normal growth and development. Of the BCAAs, leucine appears to be the specific effector in protein synthesis in several tissues, including skeletal muscle, liver, and adipose tissue. 7, 8) In the present study, we found that excess intake of leucine induced SDH activity with increased amounts of SDH mRNA.
Male Sprague-Dawley rats, 6 months old, were purchased from Nihon S.L.C. (Hamamatsu, Japan). Their initial weights were 480-520 g. They were housed individually in metabolic cages in an air-conditioned room at 23 C AE 1 C under artificial light from 0600 to 1800. The animals were accustomed to a 10% casein diet for 4 d, and then given test diets for one week (Table 1) . Three animals were included in each dietary group. The diets were composed of amino acids, leucine, isoleucine, valine (Nacalai Tesque, Kyoto, Japan), soybean oil (Fuji Oil, Osaka, Japan), casein, cellulose powder, vitamin mix, mineral mix (Oriental Yeast, Tokyo, Japan) and the rest was adjusted with cornstarch (Kansai Denpun, Osaka, Japan). Each rat was provided the diet for 10 h (2000 to 0600), and had free access to water. Food intake and body weight were measured daily. The animals were anesthetized by intraperitoneal administration of sodium pentobarbital (50 mg/kg-body weight), and killed by cardiac puncture after blood was withdrawn from the inferior vena cava at 1400. The livers and kidneys were excised and frozen in liquid nitrogen, then kept at À80 C until needed. This experimental method was approved by the Animal Experiment Committee of Kyoto Prefectural University, and all the rats were managed in line with the ''Guidelines for Care and Use of Laboratory Animals.'' The preparation of tissue extract and assay for SDH activity was performed as described previously.
3) One unit of SDH activity was defined as the formation of 1 mmol Pyruvate per min at 37 C. To examine the expression of SDH in the liver, total RNA was isolated from crushed frozen tissues by the acid guanidinium phenol chloroform method.
10) Real-time PCR was performed on a Roche LightCycler (Roche Diagnostics, Tokyo). PCR reactions were carried out in a reaction mixture consisting of 4.0 ml of each primer (1 mM), 2.0 ml of cDNA (10 ng/ml), and 10 ml of SYBR Premix TaqÔ (Takara, Tokyo). Protocol conditions consisted of denaturalization of 95 C for 30 s, followed by 43 cycles (SDH), 35 cycles (-actin) of 94 C for 4 s, 53 C (SDH), 60 C (-actin) for 20 s, and 72 C for 30 s. Acquisition of the fluorescent signal from the sample was carried out at the end of the elongation step. The primer sequences of SDH were 5 0 -TCACCAGTGTTGCCAA-GG-3 0 (sense), 5 0 -TCGTCTACGAACTTCTCG-3 0 (antisense); the primer sequences of -actin were 5
0 (antisense), and amplicon size was 137 bp and 138 bp respectively. The results were normalized by the expression levels of -actin.
The results were expressed as the means AE SD, and significant differences among groups were analyzed by one-way ANOVA. Where the difference was significant, the values were compared by the Tukey-HSD test. A difference was considered significant at p < 0:05. The analysis was performed using JMP 5.1.2 for the Macintosh (SAS Institute Inc. Japan, Tokyo).
Recently we reported that the protein requirement for mature rats (6 months old) to maintain nitrogen balance was about 0.3 g per 100 g of body weight per day, when the rats were fed a diet containing 9% casein. 5) We confirmed that observation in this experiment, as shown in Table 2 . There were no significant differences in food intake, body weight gain, or liver or kidney weights between the 10% and the 20% casein diet groups. Thus the 10% casein diet fulfills the nutritional requirements for mature rats and the 20% casein diet was in excess in protein nutrition. As Table 2 indicates, the leucine diet group showed no significant difference from the 10% and 20% casein diet groups in all contents. This indicates that excess leucine did not affect the nutritional status of the rats. However, there were marginal but significant decreases in food intake in the isoleucine and valine diet groups and in body weight gain in the valine diet group as compared to the 10% casein diet group. It is known that leucine but not isoleucine and valine increases the active form of branch-chain -keto acid dehydrogenase (BCKDH) complex through inhibition of BCKDH kinase and enhances BCAA degradation. 11) In fact, we observed that clearance of leucine from the blood was faster than of isoleucine and valine when the respective amino acid was given by gavage (unpublished results). Unfortunately, we did not determine the blood concentration of BACC in this experiment, it is possible that the isoleucine and valine concentration remained at high levels in the rats fed the respective amino acids. The exact reason food intake was suppressed in the rats fed isoleucine and valine is not clear at this moment, but there have been reports that deficiency in BCAA can lead to depression of appetite in anorexia, 12) cirrhosis, 13) and elderly patients on chronic haemodialysis. 14) Therefore, it is possible that a high or low blood level of BCAAs can influence food intake.
The SDH activity and mRNA expression are shown in Table 3 . In the rat liver, both leucine and the 20% casein diet induced increases in SDH activity as compared with the 10% casein diet group. Also, the effect of the leucine diet and the 20% casein diet on SDH induction in rat liver was relatively high levels of mRNA. This finding is consistent with the suggestion that the induction of enzyme activity was associated with increases in the amount of enzyme protein and in SDH mRNA.
3) On the other hand, SDH activity and mRNA expression of rats fed isoleucine or valine were not significantly different from the rats fed the 10% casein diet. Although kidney SDH is known to be induced by glucagon and/or glucocorticoids, neither diet affected the expression of SDH in the kidney. Since tyrosine aminotransferase (TAT, EC 2.6.1.5) and phospheonolpyruvate carboxykinase (PEPCK, EC 4.1.1.32) were gluconeogenic enzymes, like SDH, they were induced by glucagon and/or glucocorticoids at the level of transcription in the liver. 15, 16) Unlike SDH, however, TAT and PEPCK mRNA did not respond to dietary protein over the nutritional requirement. 6) We also found that excess leucine intake was ineffective in the induction of liver PEPCK and TAT mRNA (data not shown). These observations indicate that excess leucine intake specifically induced liver SDH in the rats.
Although leucine is a major amino acid in casein, the content is only 8-9%. Since we did not examine the dose 18) We hypothesize that SDH is induced not only in gluconeogenesis but also in catabolizing surplus amino acids to maintain homoeostasis of the amino acid pool. 5, 6) Our current results and these reports support our hypothesis and suggest that some surplus amino acids involving leucine, serine, and tryptophan might be signals for SDH induction. To clarify the physiological role and molecular mechanism of liver SDH induction by dietary protein, further experiments are needed.
Anthony et al. demonstrated that leucine is unique among the BCAAs in its ability to stimulate protein synthesis in skeletal muscles of food-deprived rats via a rapamycin-sensitive (mTOR) pathway. 19) The stimulation is caused by enhancing translation initiation. We found here that excess intake of leucine but not of isoleucine or valine was also effective in the induction of liver SDH. Recently we measured the half-life of SDH mRNA induced by dietary casein in mature rats and excluded the possibility that stabilization of SDH mRNA was involved in induction. 6) Hence induction was might mainly controlled at the level of transcription. This study is also the first to suggest that leucine controls gene expression at the level not only of translation but also of transcription. 
